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[57] ABSTRACT 

A tropo system channel distortion weighting apparatus 
for predetection combiners for modifying the pre de- 
tection combiner algorithm to improve the output car- 
rier to noise ratio in the presence of signal distortion. 

1 Claim, 13 Drawing Figures 
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It is yet another object of the invention to provide an 
SYSTEM CHANNEL DISTORTION WEIGHTING improved channel distortion weighting apparatus 
FOR PREDETECTION COMBINERS which utilizes the effective amplitude modulation index 

of each diversity receiver channel as a measure of sig- 
^ nal quality. 

BACKGROUND OF THE INVENTION and other advantages, objects and features of 

The present invention relates broadly to a troposcat- the invention will become more apparent from the 
ter radio system and in particular to a tropo system following description taken in connection with the 
channel distortion weighting apparatus for predetec- illustrative embodiment in the accompanying drawings. 

tionxombiners. 10 DESCRIPTION OF THE DRAWINGS 

The method or system of transmitting microwaves 
within the troposphere to effect radio communication FIG. 1 is a block diagram of a prior art predetection 
between two points on the earth's surface has been combiner, 

utilized in many areas of intelligence communications. F IG - 2 is a block diagram of a basic four channel 
The troposphere is the lower layer of the earth's atmo- 15 predetection combiner modified to include the system 
sphere which extends to about 60,000 feet at the equa- channel distortion weighting apparatus according to 
tor and 30,000 feet at the poles. The use of tropo- thc P resent invention, 

spheric scattering provides the means for communicat- FIG - 3 is a block diagram showing the system channel 
ing over moderate distances of from 70 to 600 miles. 2Q distortion apparatus in greater detail , in system ope ra- 
However, such a span may be augmented by other tl0n * ' ... 

spans in tandem to permit end to end or through cir- J lGS ; 4 * rou * h " are SHVhical representations of 
cuits lip to many thousand miles. Thus, the maximum the probability 4istnbut ions and densities of a modified 
range for wireless communications at frequencies from and unmodified four channel predetection combiner, 
several hundred megacycles on up into the microwave _^ re X™ 1V f^' a ^ : . . 

no longer depends on the line of sight distance between 25 ^' 12 "d « are g«ph.cal representee,* of the 
the transmitter and receiver which was severely limited errors « n rec f P" 0 " between a m °. d,f,ed and u " ra ° d « fied 
by both the earth's curvature and intervening physical four channcl P^etecUon combmer. 
obstacles, such as mountainous terrain. However, it is DESCRIPTION OF THE PREFERRED 

well known that maximal ratio predetection diversity 3 q EMBODIMENT 
combining is .optimum for channels sublet to Oat (non- The ^ invention ides the abiHt for thc 
frequency selective) amplitude and phase fading. On pted ^ ction combiner to prevent capture by strong 
most practical links of interest such as troposcatter, the ^ si ls b usi a ior knowledge of the 

classical flat fading channel model is not appropriate form of an unc f istorted signaL That ^ in some foriTli 
Instead, significant channel distortion is experienced 35 evaluate ^ overaH Uty of each of the recejved IF 
such that a significant probability exists that a channel s - . tQ be used tQ wcight thc four indi vidual channels 
will have both a high signal to thermal noise ratio and Qn a s approach . Long haul troposcatter systems 
high signal distortion. The present invention solves the fa existence today use post detection combiners and 
problem of capture by a strong but distorted signal and the ou t-of-band noise detector as a measure of both 
weighs each of the four input IF channels according to 40 signal quaIily and strength . The present invention uti- 
the ratio of undistorted signal to signal distortion plus , izcs thc effec tive amplitude modulation index of each 
thermal noise. diversity channel as a measure of its quality. The diver- 

SUMMARY sity signal, as transmitted, may contain amplitude fluc- 

tuation which results in an effective amplitude modula- 
The present invention utilizes a carner-to-noise ratio 45 t ion index. The channel multipath distortion as well as 
combining technique which examines the carrier-to- channel thermal noise will tend to increase the relative 
noise ratio of each diversity input as well as the amount size of these fluctuations and therefore increase the 
of distortion on each input signal and adjusts the com- amplitude modulation index. This measure can thus be 
bining weighting to maximize output carrier-to-noise used to weight each input IF channel according to its 
ratio. The channel distortion weighting apparatus pre- 50 quality without regard to the type of signal transmitted. 

! vents the capture of a classical predetection combiner The use of predetection combining has the advantage 
by a strong but distorted signal which would otherwise over , the baseband combiner in the FM threshold re- 
greatly degrade the link performance. A distorted di- g j 0 n because all usable diversity signals are combined 

: versity signal can only degrade the signal to noise ratio before detection instead of being demodulated individ- 

5 at the receiver output. The channel distortion 55 ua n y a nd then combined as accomplished in a base- 
weighting apparatus prevents diversity signals with band combiner. This in turn will result in lowering the 

i relatively larger distortion from contributing to re- FM threshold. 

ceiver output and thereby improves overall link per- Turning now to FIG. 1, there is shown a prior art 
formance. : predetection combiner apparatus utilizing an AGC unit 

It is one object of the invention, therefore, to provide 60 10 to receive the system 70 MHz IF. input signal. The 
an improved channel distortion weighting apparatus to output signal of the AGC unit 10 is applied simutta- 
prevent the predetection combiner from capturing neously to mixer units 11, 12. The output of mixer 11 
strong but distorted signals. is filtered in filter unit 13 and applied to mixer unit 12. 

It is another object of the invention to provide an The output signal of mixer unit 12 is applied to sum- 
improved channel distortion weighting apparatus that 65 m ing unit 14 which sums this signal with the output 
utilizes a prior knowledge of the form of the undis- signals from the other system channels (not shown), 
torted signal to evaluate the overall quality of received . The summed output signal from summing unit 14 is 
signals. filtered in filter unit 15 and applied simultaneously to 
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detector unit 16 and to the other system channels (not 
shown) in the troposcatter radio system. The detector 
unit 16 applies its output signal to AGC unit 10 to 
condition the incoming 70 MHz I.F. input signal. 

There is shown in FIG. 2 one channel of a basic four 5 
channel predetection combiner which has been modi- 
fied to include a distortion weighting unit 20. In FIG. 2, 
the distortion weighting unit 20 correlates the ampli- 
tude distortion of the summed signal against the ampli- 
tude distortion on each input channel. The channel 10 
with the highest correlation will be attenuated the 
most. This process never resets, it is always working to 
minimize output distortion in a mean square sense for 
the combination of the four channels. 

FIG. 3 shows the system channel distortion weighting 15 
apparatus for a two channel predetection combiner, 
the other two IF channels which are not shown, being 
the same; As the input signal becomes distorted due to 
multipath propagation, unequal gains, excessive ther- 
mal noise, etc., These amplitude fluctuations will in- 20 
crease with respect to the higher quality channels. By / 
measuring the strength of the AC component of each 
signal envelope with respect to its average DC compo- 
nent, a measure of channel quality is thus obtained 
which reflects both channel distortion and background 25 
noise. With distortion weighting of this type, the prede- 
tection combiner operation becomes relatively inde- 
pendent of signal parameters. 

The operation of the system channel distortion 
weighting apparatus of FIG. 3 will be better understood 30 
by the following discussion of the signal paths and 
waveforms in the present circuit. The discussion will 
refer only to one half of the circuit shown, however, it 
applies equally to the other portion of the block dia- 
gram since they are mirror images of each other. The 35 
diversity channel input signal which appears at point A 
is an amplitude distorted signal which was induced by 
channel distortion plus thermal noise. At point B, the 
diversity channel signal is the same as at point A except 
that the signal has been processed by the main AGC 40 
gain. The main AGC is utilized to control the level of 
the output signal. After envelope detection of the chan- 
nel signal by the envelope detector, the signal at point 
C is an envelope (no carrier present) at a constant rms 
value. The envelope of point C is filtered in high pass 45 
filter 50 to remove the DC component and to provide 
the AC component of the envelope which is now pro- 
portional to the percentage amplitude distortion of the 
signal. The signal at point D is the envelope of point C 
(the AC component of the envelope) referenced about 50 
the baseline, zero. At point E, the AC component of 
amplitude fluctuations of the combiner output appear. 
There can be one of two possible conditions. In case 1, 
the input channel envelope to point D contributes most 
to output distortion. In case 2, another channel contrib- 55 
utes most to output distortion. In other words, the sig- 
nal at point E is different from the signal at point D. 

At point F, the filtered output of the correlator ap- 
pears as the correlation between the single channel 
distortion envelope and the combiner output distortion 60 
envelope. In the present example, the correlation be- 
tween point D and E is D times E for either case 1 or 
case 2. In case 1, the result is some positive voltage. In 
case 2, the result is approximately zero DC. A dc value 
at correlator output will occur only when diversity 65 
input in question is significantly contributing to distor- 
tion on the output. Resultant dc signal is then used to 
turn down gain on that channel. At point G, the output 
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of the difference amplifier is the difference between 
individual channel distortion level (dc proportional 
voltage) and a reference distortion level. For case 1, 
the individual channel distortion is greater than the 
reference distortion. Therefore, the output at point G is 
voltage which reduces gain of that channel. For case 2, 
the individual channel distortion is less than the refer- 
ence distortion. Therefore, the output at point G would 
be a voltage which increases the gain of that channel. 
The difference amplifier insures that the diversity chan- 
nel is not attenuated more than necessary. Thus, if all 
inputs are distorted, the difference amplifier will tend 
to minimize the output distortion by preventing any 
single channel to contribute to this distortion more 
than others. 

There is shown in FIGS. 4,6,8 and 10 a plot of the 
total probability, distribution versus the baseband sig- 
nal-to-noise ratio for a modified and an unmodified 
communications link from Youngstown to Verona. In 
FIGS. 5,7,9 and 11, there is shown a plot of the total 
probability densities versus the baseband signal-to- 
noise ratio for a modified and an unmodified communi- 
cations link from Youngstown to Verona. There is 
shown in FIGS. 12 and 13 a plot of the errors in a 
modified versus an unmodified system on a transmis- 
sion link between Youngstown and Ontario. 

Although the invention has been described with ref- 
erence to a particular embodiment, it will be under- 
stood to those skilled in the art that the invention is 
capable of a variety of alternative embodiments within 
the spirit and scope of the appended claims. 

What is claimed is: 

1. A system channel distortion weighting apparatus 
for predetection combiners comprising in combination: 
a plurality of diversity receiver channels respectively 
providing a plurality of I.F. signals, said plurality of 
diversity receiver channels each having a level 
control means connected thereto to control signal 
level within each receiver channel, said plurality of 
diversity receiver channels each having an ampli- 
tude distorted signal therein, 
summing means connected to each of said plurality 
of diversity receiver channels to sum each of said 
amplitude distorted signals therefrom, said sum- 
ming means providing a summed amplitude dis- 
torted signal, 

means for envelope detecting said summed ampli- 
tude distorted signal, said detecting means provid- 
ing a signal envelope representative of the distorted 
amplitude thereof, 
means for envelope detecting each of said amplitude 
distorted signals thereby providing a plurality of 
signal envelopes representative of the amplitude 
distortion in each of said signals, and 
means for correlating said distorted signal envelope 
of said summed signal with each of said plurality of 
amplitude distorted signal envelopes to provide an 
output voltage, said output voltage being propor- 
tional to the correlation between each of said am- 
plitude distorted signal envelopes and said dis- 
torted signal envelope of said summed signal, con- 
trol signal means producing means providing a 
level control signal in response to said output volt- 
age, said level control signal being applied to each 
of said level control means, said level control 
means adjusting each diversity receiver channel . 
gain in response to said level control signal. 

* * 4c * * 
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